














































ことを目指して，1 族，2 属金属元素の ICP-MS 測定条件
ICP-MS を用いたペットフード中の 











ことは通常困難である。今回，複数の機器使用による操作の煩雑さ解消のため，1 台の ICP-MS（日立 P-5000










度法用標準液を使用し，それぞれ 10 ppm 以下に 0.1 N 硝
酸で希釈して用いた。重金属の標準品としては，Spex 社
（ニュージャージー州，アメリカ）製の ICP 用混合標準液






ウラニウム（U）の 30 種混合）と XSTC-331（Li，Be，
Na，Mg，Al，K，Ca，V，Cr，Mn，Fe，Co，Ni，Cu，
亜 鉛（Zn），Ga，As，Se，Rb，Sr，Ag，Cd，Cs，Ba，
Tl，Pb，Bi，Th，U の 29 種混合）を使用し，前者は 100 
ppb 以下に 1 N 硝酸で希釈することで標準溶液として使用
した。後者は機器メーカーが推奨するように 10 ppb に調




セッツ，アメリカ）製の Elix 3/Milli-Q Element System






















マイクロウェーブ分解装置の使用条件（A-C の 3 種）は，
Table 2 に示す。分解後の溶液を 1 N 硝酸酸性にするため












Table 1.   Basic instrumental parameters of the ICP-MS
High-power output 1.3 kW
Plasma gas flow rate 14 L/min
Auxiliary gas flow rate 1.2 L/min
Carrier gas flow rate 1.3 L/min
Detector voltage －2.1 kV
Horizontal torch position （1.5 mm）
Vertical torch position （1.2 mm）
Sampling position （1.0 mm）
Ion collection time 100 ms
For the torch and sampling posit ions ,  i t  needs dai ly 
adjustment by ICP elemental mixture of 10ppb （for example, 
XSTC-331 of Spex）．
Table 2.   Decomposition conditions of the real samples
Conditions A B C
Amount of 
sample
1.0 g 0.3 g 0.5 g
Acid used 8 mL nitric acid 8 mL nitric acid 8 mL nitric acid
Decomposition 
conditions
50℃（2 min）→ 30℃（3 min）
→ 180℃（25 min）→ 150℃ 
（1 min）→ 180℃（19 min）
70℃（2 min）→ 50℃（3 min）
→ 200℃（35 min）






























この 10 ppm は AAS などで汎用される濃度範囲である。
検討の結果，イオン取り込み時間を 100 ms から 1 ms に


























































































































































































































































































*Only Na, K and Ca are shown in units of mg/g.
The sample  o f  No .2  and decompos i t ion 
condition A in Table 2 were used.
n=3.




























Table 4 に示す。Na，K，Ca は，mg/g オーダーでペット
フード内に含まれていたのに対して，Mg は，μg/g オー









Table 5.   Metal measurement in pet foods（intra-day reproducibility）
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 0.02 97.55
 0.12 14.64
        ND －
 0.01 173.30
The average value and the CV（%）are shown to the left and right side of the column, respectively.
Units of measurements are mg/g only for Nos.1 and 3 of Mg, and the others are μg/g.
ND shows that it is less than the lower limit of quantification.
n=3.
Table 6.   Metal measurements in pet foods（between-day reproducibility）








































The average value and the CV（%）are shown to the left and right side of the column, respectively.






















現在我々は，ペットフード安全法（2008 年 6 月成立，
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Abstract
We have studied inductively coupled plasma mass spectrometry（ICP-MS）of alkaline and alkaline-
earth metals. Of these metals, sodium, magnesium, potassium and calcium are essential elements for 
humans and are present on relatively high concentrations in environmental samples such as sea water, 
and biological samples such as blood. Measuring the concentration in these samples, is considered 
important for the grasp of human health, prevention of diseases, investigation of environmental pollution, 
and the quality control of foods. The common methods of measurement are the flame photometry and 
the atomic absorption spectrophotometry（AAS）．However, not only these elements, there is a need to 
measure heavy metals at the same time. In that case, the use of multi-element simultaneous analytical 
instrument, such as ICP-MS is desired. Unfortunately, the concentration level present in the sample is 
significantly different between the above elements and heavy metals. Therefore, it is usually difficult to 
analyze simultaneously only by one analytical device. As an alternative to the measurement method, it 
is common to carry out the measurements for the same concentration level species by a multi-element 
simultaneous analytical device or measured for each individual element by the single-element measuring 
instrument, such as AAS. In this study, in order to eliminate the complexity, we were examined 
simultaneous analytical method using only one ICP-MS（P-5000. Hitachi）．As a result, by changing the 
ion introduction rate into the MS part, it becomes possible to simultaneously analyze.
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